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iiam a a s e  nanager'tcnt systeirts ilavc evolved from t i l e  f i l e  manar~e~neiit 
sjrsteim cevelnped Eoliowixrg tizc a z d l t i o n  of d i r e c t .  access s to r -1  e 
"7 
. iev7ices t o  computer systen; 111 t n e  ii~id i 93U8s .  ~rlese  . : e -~ iccs  3lLowc.l 
&i:cS s c l e c t i o r ,  of s i ~ l j l e  r e c o r d  l^ro~-I anty l o c a t i o n  w i t h i n  t n e  s t o r a - L *  
device ::I-Jen xts u n i q u e  sLora,:e adJcess. ' I  a o l i j e c t i v e  of hotii 
r i l e  and d a t a  base ,qariage;lent :,ystc;z; is t o  p r o - ~ i d a  % e n c r a l i z e d  d a t a  
a c c e s s  and ~ l a n i p u l s t i a n  f o r  tile tbztta a s s o c i a t e d  :sF t I a n  LtppZica",~r t  
5y.3 t . ? i i i -  
F i l e  i?<:ilcisperle~~t sys c:iis k ~ ~ o u . i d c  a t c l  - c r e s s  t o  tile r e c o r d s  of one o r  
i rure  f i l c h  From .nra crjt$l.icacion program. rite f i l e s  s u p p o r t e d  by a  f i l c  
:?3na,c~~crri-. SYScbt:li iiidjr t:3 v.e d i f f e r i n g  s t ruc -cbres  , i. e .  tile phy i c a l  
orgar-d.zation of t h e  r e c o r d  o c c u r r e n c e s  of t h e  u ecilrd-type c o n s t i t u t i r i i ;  
trle f i l e ' s  da ta .  S f i l e  : ;cructurr  , a iuns  at. c p t i i n i z i n z  d a t a  a c c e s s  t o  o!rc 
o r  m s u ~ - s e t  of the records c f  tile f i l e .  Ti le  i;.,ore caniplex u i  b i e s e  
s t r u c t u r e s  supplerlent  f ; ~ c  dser d a t a  k i t h  cor i t rnf  data i n  the Corn of 
i : ld ic ies  o r  p o i n t e r  s e t s  t o  a i d  t.re d a t a  access. 
Tile b a s i c  f i l e  s t r z c t u r c s  a r e  i l l t t s t r a e e j  i n  figurc 1 ;rid p r e s e n t e d  a n  
s_;c>,!c idet'iil. 3.~1 ['Jei8!~, X9d~3.  TIaersa structures includi.: :  
1. Sequential f i l c s  
i n  rl-ilclh tile p i i y s f c n l  sequcnec  or  tile r e c o r d  o c c u r r e n c r b s  
corresponds t o  tile o r d e r e d  sequence of -,he d a t a  ~ a l u e s  of  O I ' E  
of t h e  a t t r i b u t e s  of the r e c o r d s  of the file* 
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2. D i r e c t  r i l es  
i n  w h i c h  record placeiflent i s  c s l c u i n t e d  uj* d u s e r  p r c v l d c i  
convers ion  roi2t-i ne wi l  l c i ~  c a l c u l a t e s  a s tos , lSe  adt!rcss f ro.,~ a 
d a r a  v a l u e ,  normaPPy n unique i d e n t i f i e r  s u c h  ~3s rite r k ~ e r i c ~ s n  
s o c i a l  s e c u r i t y  nuizber. 
3.  i n d e x  S e q u e n t i a l  f i l e s  
i n  which  the u s e r  data i s  s t o r e d  s e q u e n t i a l l y  a c c o r d i n g  t o  t h e  
dara v a l u e s  of t h e  r c c o r d  i d e n t i f i e r : ;  or Keys. like user d a t a  
i s  l o 3 t c a l l y  divided i n t o  s u b - f i l e s  a;:rl an i n Jex  i s  gcne ra t e i  
d i t i i  the  i i i , ; i l  key v a l u e  frorri each suc-f i3.e arid tile a d d r e s s  c p f  
+- ~ t ~ e  L sub-f i l e .  L o ~ a t i o n  05' a  ~ i n s l e  record r t r i t i i i ?  the indexeci 
iiie r c q u i r e s  a ;cdrcn o f  tire in i ies  t o l l o w e l  by a s e a r c h  of t: c 
r ~ l c , ~ d n l t  sub-i i l c .  
4 i i n i c e d  t i l e s  
rm - < i r L ~ i i  : t~e l n ~ , i  r e co rds  wi t i t in  t:ic f i l e  d re  connec ted  ,>y 
;min t t ? r s  v i i i c r~  f o r - I  r e c o r d  criairls j o i n i n g  t h o s e  r e c o r e  s 
~ r t l o i l ~ i n y ,  t o  soine l o q i e a i  sub- se t  of t he  d a t a .  Talere may be 
1 separa te  c:,;lins of r e c o r d s  iji t h i n  tile f i l e  anti a n y  o n e  
record  nay  !,e i... ltrer of s e v e r a l  oL t ! ~ e s e  c n a i n s .  i n  IFnkr - J  
f i l e s  ths p o i n t e r s  a r e  ; ; tored w i ~ k l i n  tile r e c o r d  a r e a  of t h e  
s e p a r a t e  r e c o r d s .  
5. invested f i l e s  
i n  wilicll d a t a  r e c o r d s  b e l o n ~ i n i  l o  a sub-se t  of tiit? d a t a ,  
i : 'nr t icular ly  c o n t a i n i n g  L co;,iinon data t -a luc ,  a r e  i d e n t i f i e d  i,~ y 
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, m i r ~ t e r s s t o r s d  i n  a f i l e  d i r e c t o r y  witia tiic d a t a  v%l..~e 
i d e n t i f i n ;  t n e  rrcsrd s e t .  
L'iii? f i l e  s t r u c t u r e s  e.-cll s u p p ~ r t  s p e c i i r i c  access t y p e :  
s e q u e n t i a l  a c c e s s :  s e q u e n t i a l  allu i ~ d c x  s e q u e n t i a l  f j l e a  
s i n g l e  r e c o r d  access: d i r e c t  and  i n d e x  s e L ; c e n t i 3 1  f i l e s  
g roup  r e c o r d  acces s :  l i n k e d  and i n v e r t e d  f i l e s .  
. , l r~e  c i a i c e  of  f i l e  s t ruc t : : r e  fop. a s p e c i f i c  J a L  set. J e p e n d s  on t n i ~  
a c c e s s  r cqu i r emerz t s  of tile api,l.icatiorx syste.1. 
3e~eioprn ; ; rn t  o f  tiie s o f t b . t a r c  t o  p ro i i i de  f i l e  r,tJncrger,iene: was J x ~ d ~ l  4 
aetdeeii tile co r ipu i e r  ~ c n d o r s ~  i~t lo iinbrc t r a d i t i o n a l l y  s u p p i i c d  
; ~ ' i i t ~ n t % i i l ,  d i r e c t  and  irii!en s e q u e n t i a l  f i l e  7in;:nde,?ent so i t iqare an<; t ire 
u s e r s  G;~>o were l e f t  t c t  cit.v.elo:? s y s t e m s  t o  su2por.' {r,roup q c c e s s .  i:i.Ls 
ii,::. resl- i l red i r i  s p r o l l f ~ r d t i o r i  0 2  d a t a  a :  sys t e ,  IS, the  IT,^, f. 
aiivcir~ceil o f  ~ ~ i ~ i c t i  received i!iif na-le of  d a t a  pass I-arra,:c~ient s y s t e c i s  r,4 
c a r i y  ds l";i7 [ S l e i t < r ,  i j . 3 7 1  with i ' l ~ d  a a i  i l e - s h d r ~ J  j a t n  :fanag:clt; t 
systei1- 
r" 
liie a d a i i d i l i i l - i t y  of < ; ~ ~ ~ e r < i l ~ z e $  d a t a  ~~ana , : e~vc t l t  s y s t e m s  dl ~ ~ ~ d e d  
s ~ ; , p l i c a b i o n  s y s  ti~rs!s l a  i i Lrclarii the ntn.;i,er o i  r i i c s  w i l i c n  c o u l d  kc 
i ~ r o c e s s e l ? .  ilowevear t : i e  t l i ~ e r i i i t y  of trte so f twa re  l e a d  t o  t h e  
devt!lo1~r,~~.?rtt  of incIeprni.;ent apgjl. ic6;rtion sys t e n s  n s f  n:;, i:l many case: , 
ove r i a j i j t i n& d a t a ,  a s  c,~c:l sy s t en l  fciltlcd t o  i isc iis 'own" d a t a  x;tana:;ei,-erit 
r o u t i n e s  and more i r i i ~ s r t a , ? t ; y  i t s  a w n  d e i i r l i t i o n  of t r l l i ,  f i l e  s t r u c t u r e s .  
2 i l i s  s i t u a t i o n  lead  t o  e x t e n s i v e  d a t ?  redundaricy atlong trle a p p i i e a t i . c n  
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sysrcrns of t h e  sane o r g a n i z a t i o n .  
la t h e  l a t e  l50d ' s ,  s o  r1any u s r ~ r s / o m ~ e r s  of c i u L t i p l ~  a p p l i c a t i o n  SYSL"-G 
c_.,cki  wit,^ -xult ipLe f i l e s ,  were e x p e r i e n c i n g  probleni t j  w r t i l  r!;aln 
y~anayerierit r n a t  s e v e r a l  comri~i t lecs  were  fornec? t o  review C L I C  
s t J t e - o i - t i t e - a r t  of d* i t& niariager;-;errt sof  twarr [COiliZSYL,, 13593 , ;ie;c.Lcp 
d n t . ~  ;~~lii~i~,ernetnt rc r ,u i re~ , t e i l t s  [iniii! lie-Skiarc, 19 701 ,,n; su;;;est a  s tanclc~rLl  
f o r  d a t a  base ri:ana:;ei,ient sys tem s t ruc tu re ;  [ G i i L r i < Y i  L'iaTi;, 19711 . FL o7a 
f n c  r e p o r t s  of these tot.ns,tees, t r r t ?  develc,>nent; i-iork a l  t h e  .,iaj o r  
o r  -rcnc;ors a n d  1~rop0sal .s  frai;r t i l e  user artd resenreit co , r ,~ur : i t ie i>  -3 
conscrtsus of w ~ ~ a t  d a t a  base r,r4-Ir~agerni3nt. s y s t e i - ~ s  siiotilil bi: tia:; evohc:. 
r e f  d data base r?anaL;e,nentl sys terl?, oa3siAs, sil~ill d provide d a t  a 
rnai?clteiaeilt f a c i l i t i e s  f u r  i n t e r - r e l a t e d  drlts t)i,jes f o r  r o u l t i , ~ i e  d a t a  
u s e r s .  Tile n a j o r  objecci, ,~es i?f ,a ' IBi i3  a r e  Lo 2roviilt: 
1. d a t a  s t o r a g e  and retrieval 
Lor i n t e r - r e l a t e d  d a r a  of in r i l t ip le  r e c o r d  t y p e s .  
2.  d e f i n i t i o n  and  support; f o r  i n t e r - d a t a  r e lc l t ions i i i i : s ,  
3.  s u p p o r t f o r  ,nu_tLiple a c c e s s  patt is  f roc; m u l t i p l e  u s e r s ,  
4 .  reduction of d a t a  r e ~ l u r ~ c l a r r c y ,  
5. support of m u l t i p ! e  users  w h i l e  p r o v i d i n g  d < ~ t a  privacy 2r.l 
i r l t t ? , r i ty .  
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d a t a  basc iiiarzagernent syste ins d i f f e r  L ~ o I : ~  f iLe :i~ana:;c:;,ic*~~t oy*:dri%r:ii; l i i i   LA^ 
iriljiortant areas: tikc d a t a  t y p e s  nd:linistcrcil and tile iii!pl:rtance piacc!:J 
oil the data I~YOLI~CC. A J is dcsi-'ntid % , to adrtinister i a t s  
- :  rwa or r:lorc-$ inf er-related o h  j ects i : s  t w o  o r  i,iori? rec:orii 
t y p e s  ~i t L 1  b3iiS :.lai~ntaiilt:d r e l o t i o n s i i " , ~  d a t a ,  .);c;ilil i: the L' lli: r:iaiis3gei:it"ilt 
systei.l cstnb%",i;ixes sep..rrtc f i l e s  for cacil obji.ct/scicorii type ,,fir: li.a;~es 
c::lc &eneration a n d  ::aaintc'uaircc of t11z i n t e r - ~ ~ I ; ~ t i o n . i ; k i i p s  to "ii:c usi!r 
a p p l i c a t i o n  i>rogra:~~s. 
Scco i ; d ly ,  i n  :ji;.?.iS c ~ ~ - ~ ~ i r o n e e r , t s ,  t i t c  t iara i t ;  a s s n ; ~ e d  t o  be tiler t e n c r c i !  
;;ren of c o n c e r n ,  ui'iii2.e tiie current uk,li? i c ~ i t b c i n  proi;riii:ir; aire assuaed to 
uc. a sub-set of the passi'bie l.isc?rs 0 E  t i i ~  dat;ie i"ii~:; t i l t .  i l r5 i iS re;:d:; ti> 
s t r u c t l j r e  tile d a t a  for future 3s well as  ctlrreill: usa;:c>. I n  fiic 
manac;e!:!cnt IJ sys tcia e n - i i r n n i ~ : e n t s ,  t h e  application pro[:rsr:l set is a.:;sui?:::A 
t o  be of central cuiicern, v h i l e  the file structiires !;e?.ectt;d arc: 
ii;tended t o  ~ p t i n i z n  ~ ) ~ C ) C I ' S S ~ T I ; ;  of the current app . I i c a  t i o n s .  Zat i l rc .  
users i,lusr csx~forrn t o  tile cu-  . r e n t  structurcso 
i r i e  sirif r c f  e-~,>i:;;si~ f r u i .  pri,;:zd : , ~ a n a ~ ; c ~ , ~  t.nt t o  d a t a  ~r,xnsc ,:lent i:, 
illustrated i n  li ;urci 2. 3.12 consequence c f  tiiis snift is :_n<it iler 2 
? u s t  a a i n t ~ i n  n ,nor(. detailed i i c i s c r i p t i o , l  of tile d a t a ,  j i , 
2ntt.r-rela"li@msi~ii.?s, u:;d:,~~s 2nd risers t h a n  tile file zarl-,clii~cnt sys t c  :. 
T i x i s  enasles t h e  i3d:i:; to s u p p o r t  more corr,>li.r. t t a t s  rctrict-;ti: as  G J C I ~  3 ;  
, r o v i d e  n ni,,iiear Eeveb of d a t a  usngi. noilj torin,: ,in: .sl?c~.,rity control f c r  
t i l e  shured data iiai riiirl t1.e da ta  basti .  Airotr:er consequc:lce ts t h a t  t : ~ e  
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JiiiiS en?iirorii;:,eni: f a c i l i t a t e s  t h e  addition <jf n e w  nr2-il.ications a n d  
A D,;,lS i s  a ser- ice s y s t c i i ,  w!lic!l exists t o  f a c i l i t a t e  d a t a  nan3g;exnenL. 
As :tlch it c ?n be c o n s i d e r e d  a pa r t  of t h e  operatin; s y s t e m  s~f't~nidre fir?.! 
Ls f r e : , ue :~ t ly  o f r e r e d  a s  a s o f t w z r e  p r o d u c t  i r :  l i n e  w i t t i  tile s y s t ~ r ? ' s  
coi-~;;ilcss- 'Yiir user a p p l i c a t i a i l  pro;;rams maj o r  in y n o t  ,lake u s >  of tile 
J J ~ ~ S .  k ' i ~ u 9 . c  3 b i l u s t r a t c s  t i l e  p%ace,r,r>nt oi' i I  113i"IS wliti-iira tile coqputcr 
; ;sten sa:ft.igore. G e n c r a l i y ,  a 3 .  k i l l  rncike uzt of lrhe e x i s t i r , ~  
sys tc ;s rs  L i l i l  t,ionagemcrlt ror,ranes,  i ) ~ r t i c u i d r - i y  the r l~rsctl  access f i  1,) 
s t r u s t i ~ r e c ; .  
L J ~ ~ ~ J L  - L 'it ~ ~ ~ ~ ~ t ~ t ~ ~ ~ k ~ k , ~ Z  
Y ~ L ;  u s e r  i n e e r f a c e  o f f e r e d  by 3 S ranges fro[,] supplemenrzry 
- pr~rannin; s t z t e n e n t s  t o  n a t u r a l  a g e  1 l!e i i a t e r i a c e  Lan; la. :c 
prokridcc? i s  derer rn incd  isy tiic s y s t e  7 ~o,~~jtril~tor'~ d i t ' e i  ad to w h o  i s  ? \  
u s e  ";IC Liiia4Sr iIBilSs 11a-v~ t c e ; ~  c l s s s i i i ec i  by tne i r  in te r face  Laii i ;~nze"s 
into: 
1 .  i i o s t  lan,i_laze sys terns, 
in which user access is t1lroii:;ki Lli3,la access staaternents  i :nbedJeJ  
i r ?  a prograclming ii*ragtia:;e, most C O : : ~ X C T I ~ ~  i n  C0Jt-L a r d  F i j i  
L o ;  %'~ i :T l " iA~ l  and a ~ ~ c ~ a b l y  a i r l tcr fces  are a;so 
i i i i i i lahle .  
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2 o p u l a r  s y s t e m s  c3f t n i s  t y p e  are 13.4's T,IS B i D i l ,  1971 J , 
2 .  Sell c o n t a i n e d  s y s t e m s ,  
in w i l i c i i  t i l t !  Lases s p e c i f i c s  riis/naer data. r e q u e s t  iriirsugrl a  Dririb 
i a n i u a g e  w i t n o r - t u s i n g  a  pro;;ram;;ing Lan:,ua.;;c~. The inlrerf  ace 
l a n g u a g e  i s  a f a i r l y  r e s t s i c t i - ~ e  s u b s e i  of i s  ( o n l y  
,..cause ttncse sys terns t.in;re been  cons t r u e t c d  f o r  t h e  E n g l i s i i  
s p e e k i n d  markc t ) . 
ixar.iy l e  s y s  terns i n c l u d e :  ADAiiilS [Scf t w a r e  Ai, 13 111 , SEQUZL 
ICl la7ber l in  and  d o y e e ,  19743 . 
inis c i s s s i F i c . ~ t i u n  of OZl iS  t y p e s  h a s  o n l y  l h i t e J  v a l i d i t y  as tile 
d i f f c r e r i e i ~ t i a n  ster.~s f r o i ~  t h e  p a r t i c u l a r  s y s t e i , ~ " s  v i e w  as  t o  wlro Ls t o  
o e  t i l e  ,?ri":.ry u s e r  of  t h e  *.)ii.iS, a n  a p ; : l i c n t i o a  pro&;raiil-:ler OP the *ei , i  
u s e r " ,  ( t ae  user cf t h e  d a t c  i t s e l f ) .  As e x p e r i c r ~ c e  with d d ~ 1 b 5  
i n c r e a s e s  inany s y s t e m s  itavve supplerncntled t h e i r  u s e r  jrltcrface La s e r r i c c  
i n u l  t i p l c  trser types. 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-80-109 
i id ,~S S'1d.dCTUd.L: 
h 31~.1=1 cart b e  c o n s i d e r e d  as a s y s t e l ?  w i t h  thrcc b a s i c  C U ~ I ~ O R ~ I I ~ S ,  a s
i l l u s t r a t e d  i n  f i g u r e  I t .  Not all 3BnSs are  c l e , ~ r i y  d i v i d e d  i n  t h i s  
fa:jil ion, nowr Jer tile f u n c t i o n s  i m p l i e d  t ~ u s t  e x i s t .  These  b a s i c  
cornponcnts a r e :  
I .  Data dase i lanageri~ent  ~ i o n t i s ~ e s ,  i)3:4it, 
which  i n c l u d e  a l l  the sof tware  r e q u i r e d  t o  p r o v i d e  dnta 
:;aaagement for a d a t a  base. P r i m a r y  f a c i l i t i e s  of the! ;Jl;..ti 
are: 
1. a d a t a  d e f i n i t i o n  l a n g u a g e ,  D b L ,  
w h i c h  i s  used  t o  d e f i n e  t h c  d n t a  elemenrs, r e c o r d - t y p e s  and. 
i n t e r - r e c o r d  r e l a t i o n s t k i p s  wilicil a r e  t o  be s t a r e d  w i t t i i q  
t h e  d a t a  sasc, 
2 ,  a d a t a  i i ~ a n i p u l a t i o n  lan&ua::e, 3 LL, 
wbicn p r 0 ~ ~ 8 i J e s  tile l anguage  i n t e r f a c e  bctueen t h e  u sc r  and 
t i re  itdilS, 
. d a t a  s t o s a z e   id retr ieval ,  
5 0  ~ E I G K - U ~  and  c r r u r  r e c o v e r y  and 
6. d a t a  base s t r u c t u r e  u a i u t e n a n c c .  
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1 t o  s e rv ice  tl,e user request; - i i a  tile d.tL s izatc.;.~.~t 
descr ibes  tile t o t a l ,  l o g i c a i .  dat , r  conterit ol: t i l e  cia", base, 
iliithout ife t a i l s  c t t  trle t i l r r e n t  p h y s i c a l  l agoct  o f  thz  d a t a ,  
descr ibe  ti-lase d a t a  r e q u i r e d  f o r  eacn user or appl icC3e*on-  
rilere w i l l  oc? a s  i.:any e x t e r n 2 1  s c i ~ c ~ - t a s  as there  a r e  
i i i - ~ c r g i n ' ,  ur,a,,es of t i l e  data v'lse data. r 3 c h  exterris1 
sc,'lc:,ia must rsc cons i sk i~ : r t  ~ ~ i t i l  E ~ i e  c o n c e p t ~ ~ ; ~ J  5clle:ia. 
t i e s c r i b e s  t i ic  ctirrent L a y n r l  t u t  c. dofa base, inc Lui!iil,: 
d e s c r i p t i o r  of trle irlciiccs a ~ ~ c i  r e l aL i . sns t i i p  a a t a  - ih icb i  
e x i s t .  
data d c f i n i t i ~ i i  s e c t i o n  of a C(J~$UL pro;rdl.~ o r  can Le t j d i ~ , e  
coi.,,,lex, encoi  ~ J Z S ~ I I ~ ;  the f u n c t i o n  of ilcllla d i c  t i una r  .7 
* j The terim SCi l r l , l i  as  d t i ~ ~ i Y :  co..l;>orent ori;i:late.! In t h e  i 0 3 i 1 L Y L  
3f3'LJ p r ~ p o b ~ ~ l  [ i : \~Oii fYL i ) i : T i $  19711 . Titere i i a i  olie:i rililcil d e r j a t e  
on t n e  c o n t e n t  and s t r u c t u r e  of tile SCLI~AIS* fire s C ~ i i ; l A  sect icrrs  
h e r e  correspond cu tile AiSL proposal. [AArS1/~.3/Si ' , ; , :C, 1"175]. 
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3.. tile d a t a  b a s e ,  
w ' i ~ i e i a  cox:kains t i l e  u s e r  da t a  3s d e s c r i b e d  i n  tile SCtiEiiZ a s  ucll 
3s any i n d i c e s  and r e l d t i o i s s n i p  daca [:ener,lted : l y  tile C i i  in 
s t r u c t u r i n g  r o u c i n c s .  In &lie s t r u c t u r e  o i  t i i ~  d a t a  "a~se  is 
i l e t e r u i n e d  ay  tile SC:IdIA d e s c r i p t i o n s  a n d  the? s t r u c t u r i r i  ; 
a l ~ o r i t i i ~ t s  of t h e  p a r t i c t l l n r  bi IS. i'i~e d a t a  oase ~ t r u r t u r e  l.2 
~ : e x ~ e r n l l y  b u i l t  ora t h e  c o m c c 2 t s  of i ini ,ed an: In i rc r t r ld  iiies. 
of e a c n  p a r t i c u l a r  r e c o r d - t j L ) e  dr. e i i i ~ e ;  s t o r e d  
c o n s e c u t i g c l y  :id d i r e c t  o r  sel~l.r~rial s c r u c f u e e a  or l i n a d  
ts,ctiler f o r n i n  j a l i n k e d  s t r a c e 8 * r e  
3 i n d i c e s  
f a r  a c c e s s  t o  1 r e rn r i  ocsur rc r i ccs ,  are  m o s t  
L r e i j u e n t l y  i i ~ p i e : i c n t e d  usin;; i in , . rs tes2 s t r : ~ c t u r e s .  
.I, i~ i . ; ,S  r s r i t l i r c s  n d a t a  dase a d n i n i s t r a t o r ,  utiih, w n s s e  p r i n a r y  Funct ion 
i s  r o  dtz f i~ i r?  t::e j a t , ~  ba.;c c o n t e ; l t  and s t r u c t u r e  and  pro-,r-tkJr g e n e r ~ l  
alli,lini:; t r a t  i ~c s c r i r i c e s  t o  t ~ t c  user coirt.ilunity. ii?c Jii.i.t,'i)i)i p r ~ j i d e : ;  J 
~ o o i  f o r  tile i ) i ; r i  f o r  t i t i ?  d i l f ~ ~ l i t i s n  an.! i i l a i n t c n d ~ . r c  01 t i l e  s y s t c , n  
- 7  SCIiILL1. ~ i i c  a c t t d i  ~ t l n c r a t i o n  and i l a iz i t enanc i .  i-f t h e  d a t a  bast_. 
s t r u c t u r c u  i s  a f u n c r ~ o i l  of t h e  Dri ire s$nr,i;:e r o u t i n e s .  
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P ,  Lkle c o n c e p t u a l  SCiTLiA p r o i t i d e s  a t o t a l  view of E r i e  d 3 t a  dase co:ltcnt , i i 
t h e  uniorl of .logical r e i a t i o n s i ~ i p s  d e s i r e d  by t t w  u r ~ r  con:iunit>. I ' I t L  
sciieaa l e ; i e l  i s  a c t u a l l y  a deucr i , sn ; ive  nioJci o f  t i le  c;atSri d i l i i i ~ t  ;IIC i a t s  
base. P r i o r  t o  def  i t l i n g  the c o n c e p t u a r  s che i~~a ,  t i l e  D2L, a ;iTtrL: 
;;enera1 d a t a  nodel  f o r  t h e  propose3 d a t a  base i s  c o n ~ ~ t r t l c t e d .  X ? u ; , ~ b ~ - r  
@ 
of  s t r u c t u r e s  f o r  this 35 :?adel  tl~ite been 2 r o p a s e l  of  w , t i c h  tr.ree i i : td i>  
rialdc s h;nif i c i l r ~ f  i a p a c c  on t r ~ e  Sresitin o f  3di.i; so f  tt.;ar 2. 2iiese :>o 1'>1:j> 
i i l u s r r a t e d  Fn ii~ure 5, arc: 
2 .  ~hctworkc ~ i o d c l s  
prcljosed by CI-rLiLrL'i lJus idPC; and iiiiplcrac.ltei: dy U:rPLri::'s A ~ S - 1  Tti3 
srad L (s,:on:: c ~ n y  c t t i l c r s ) ,  a i l o w  tile ci<ita, n r < c r t  b i n t o  
record- types ,  t o  te I n t e r - r c l a t e d  in a n e t w o r k  s t r u c t u r e ,  i . e .  
d l l o w i n ,  titc c lc f iL i i t io i l  of , , ) u l t i p l e  #iccc.ss ,>arrls t o  a n y  . r e ~ ~ ' i r d .  
3. ~tc la t ic rn&i  ?noiicls 
proposed by GoJij [Cipdd, l.979] and iiEplc;:!er;teci i r ?  S t  [ ; ioyc e 
and a .  1'3731 a s  w e l l  as used in ;iL);i:3iiS, rc?qr~ire ti.:* 
i e f l n i  t i o n  of a D S S ~  :2et of r e l n t i o : ~ : ;  dcscri:tin;; t.l,$: 
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be specified for r e t r i eva l .  a n d  int~i~j,,lii.Lat%.=~: Lr~c set oE bzsc  
r e l a t i o n s  furiri t i l e  2;: 120d631 f o r  tile d a t ~ i  i-aac* 
r i le  i l b j e c ~ i ~ r e  of tile da t a  t l u l f e i  i s  t3 re to r  l ,  a s  ci?a~,~!etr~~;. a! s~s.;LL12, 
c 2 lo , , j ca l  content  333 ri.lai?ti(>if.;ii-i:j~ of the il,?td f o r  t"ic d a t a  i 
: i ~ c ~ i : J i ) ~ ,  tale model prog i i i c s  ~r coiatrob tilae: L . l c  rctb;eions, i p s  : I C ~ L ~ ~  - 
a ~on~istcnt. ilii "iS I r p l e l ~ r n t ~  t e n J s  t o  f o l 1 3 i 7  tile ;ilplei?e~*t~)r'- 
i d e a  of t ' l t r  " b e s t '  da ta  i i ode l  and t i l e  r e s i i l t i n j  da ta  base ~ l i 4 .  reEL~,t  
tile cc~n,i:exi tics and c o s t s  I;-,posed by  t:ie i,?oiiel t y p e s  
11 i i iernrcilic data base i s  cii* nost s t r a i ~ i l f ,  fori.rar,! for i a p l c z n t i ~ t i i t i : ) : ; ,  
as the prinary r e l a t i ons i l i p s  can iinpler?ente\l a.;ing c o i ~ s e c u t i ~ i @  
stora;;e t i i u s  reducing trrle rcqilirs~;:ent f o r  s a p p l . e c ~ i i n t ~ : r y  Links. liil.,tc.~er 
tile r e s u l t i a g  dam bbne is  r i g i d  and d i f f i c u l t  Ct,,  :.~rtdii:y. Searciles f c r  
da ta  alon<; secondary s t r u c e a r e s  a r e  n o t  supported. 
irie n e t  .-)rkc i i d i ,  uase r* ;ui re : ;  r e l n t i q i a 1 y  cxbi.nd,;vL ;~=;.e of P l n ' c m ~ i * ~ .  <I 
li O K  j l h t~ l  i t 3 e  rbarki ~ c l  a t i o n s t l i p .  rile i i )drc~:s  ~ ~ ~ t l ) ~ r t i : i ; :  access  E 
i n t i i * ~ i l i u a i  recar,is trse i l l  ~ i ~ r r e i f  s t z u c t i i r c s .  "Lliis 2 I L anti 
, , ,a intei~ance 0 2  t n c  n-tuork a t  base i.-; ?ore c L*lati t Z 3  
r l ier, ircii ic,  haisvcr l n u l ~ i ~ i i e  access r eq i l i r e ; t e ,~ t s  srl* adrp(~c t i :d .  
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I n c  r e l a t i o n a l  l a t a  base i s ,  c o n c e p t u a l l y ,  tric least c t3n? l lca ted ,  a s  
cacll  r e l a t i o i l  ( r e c o r d - ~ j p c )  i s  t r e a t e d  3 5  cl f i l e  <+iid ~ i l c  recur2  
o c c u r r e n c e s  s t o r e d  c o n s e c ~ t i g l c y .  Acces s  i s  i n  p r i n c i p l e  u n r e s t r i c t e d ,  
r ~ a i ~ e ~ c r  t i k c . s z l e c t i o ~ l  a r t  f r e q i i e n t l y  rer;uirt: f i l l 1  d a t a  Da52  
scarciies.  1 x 1  p r a c t i c e  d r e l a t i o t l c ; l i  d a t a  base will.. e x p l o y  b o t h  l i n k s  3rd 
i~ iJ ices  t o  irLrprotrc a c c e s s  per for rxance  and r e d u c e  i;',rta redundclncy. Tar? 
r e a i l r i n g  s t ~ i ' c t c l r ~ *  mi i in tenance  is c o n p a r a b l e  t o  tilat m'cqrrire~l fcr 
i u r r e n t  'XrenJs 
---
' i o n ~  o i  t::c cxistrin;: 13B:iSs f u l f i l l  a l l  oi t i le  d e s i r e d  r e q u i r e n e i l t s  f o r  
ti;lr;l *-idr?dgeii.icnt. . ? o s t  h i a r t i c ~ i l a r l y  t h e  u s e r  i n t e r l a e i a  n e e d s  i i r ~p rov r~~en t r .  
A l s o  required are a i d s  f o r  d r t c r m i i l n t i n n  o i  good d a t a  oase ~ t f u c ~ n r c s  
f o r  a ;iver~ a p p l i c 3 t i o n .  cac!n of t h e  t h r e e  :najor 31: i l ode l  t y p e s ,  .$i t i  
t r l t i i r  s l i , . ~ o r t i n c ;  iih.bs offer zaod f a c i l i t i e s  and ve w i l l  see a t re l l t i  
t u s a r d s  i n c o r p o r a t i n z  t i l e s e  f e a t u r e s  i n  f u t u r e  s y s t e ~ i s .  
ior t i c u 1 a r l . y  work bs ont:oil;t_: ir . i  ei-1: 
1. i):1-1; s u p p o r t  of ~ 1 u i t i 2 3 . e  31; mode l s  
~ ' ~ l r t i c u l a r l  y [ i f  t , i i  2 t i l e  1 1 5 i ~ ~  cti~;;!!luility f o r  a pi.iztlicult3r ..4at.3 
Lase, tlierc. i s  i requi re :qenc  t o  be aaLc t o  d e i i n e  tile separat, 
e x t e r n a l  s c ; ; ~ w ~ s  a c c r l r d j n g  t o  a ilii r lode l  w1:icil " f i t s "  ttse 
? a r t i c u l a r  a p p l i c a e i o n  o r  f u n c t i o n a l  a r e a .  
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L * :?ul t i p l e  u s e r  i n t e r f a c e  l a r i g u a g e s  
Ac;ni~z t h e  d a t a  L a s e  u s e r  c n v i r a n n r n t  r e  f r o m  elic d l ; , ~ ~  
t i ~ r o u ; i ~  a p p l i c a t i o n  p r o d r a a n e r s  t o  t i l e  end users who proc23;  
t i l e  da ta  -$ la  e n a c t a e i l t  or" t r a n s a c t i i o n s ,  s t a t i s t i c a l  ana1y-?i; 
a d  cclrieral i n f o r , , : a t i o n  r z t r i e v a  l o r  r e , , o r t  , > r e p d r a t  i o n  L ~ I C I I  
o f  tiiesc f u n c t i o r l a l  a r e a s  a d i . l E t r c n t  r e i ~ u i r e r n e n t s  f o r  I 
p r e f e r a b l e  d a t a  1an;us~e.  
3.  increased SCiilGi-1 s a p k t i s t i e a t i u n  
~ ' ~ r t i c u l a r l y  i r i c o r p o r a t l o n  o f  dL3ta .l,icl-ionmry f a c i l i t i e s  w i  t , :  
accornparlyi n;: quc r y  Idn,:ua:;c~. 
1. uJilS c o n t r o l  of l'ittl s t r u c t u r e  ~ e n c r a i i o r ~  :.tad i ~ , ~ l n t r r n a n c e  
:liiicil t i ~ t i a y  is  a 1lanua.I t a s k  of the i)Jtt L u t  w i t i c i l  can be 
t f f e c r i v c i y  m o n i t o r e d  by t h e  1 A l s o  U L ~ L L S  s u l i p o r t  f o r  
e x t e n d i n , ;  the d a t a  cu-serage of t h e  data baec, i . c .  s u p l T o r t  f o r  
tile a d d i t i o n  of  q e w  d a t a  typt l s  and  rcalntionr*::~ips.  
5. 3d d e s i g n  a i d s  
L i n k i n g  Ub c2esi;:n t o  ~ c n e r a l  systerl 's  a n a l y s i s .  
5. t l a t a  Lase , : a c = i ~ i n c s  
o r  'hack-end '  e n c ; l i ; ; e s  arc b e i n g  di?qt.elo:)eil e o  o f t  load  t i id 
cc:itrai coir tputer  f OP : ;enera1 d a t a  a d i n i n i s b r a t  i o n ,  p s r t l c i i l a r l  y 
lei.,:ilty lo8;ical scdrcties t i ~ ~ ~ ~ l ; i i  a d ~ t a  isasr 6 ' ihe iJsS m a c h i n e  
13 E u n c t i n i l , a l l y  a t o  tile ' f r o i l t - - e n d u  inacili~lc t l - . i l c l l i u ;  
,- , ~ , , ~ i n s l  . --. s n J  p e r i p h e r a l  u n i t s  f o r  n c c n t r  3 1  ~ ? a c i ? i n e .  
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tacfiities ha ie  b e c o r ~ c  hiare r e a d i l y  avaLl,tblr, b o t r l  1x1 cost  an^ d a t a  
s t o r a ~ e  c n p a b i l i  t ies .  T h e i r  f u r t h e r  dcrelcjment  is dci>endent (3-1 
,ncreased data yrsccss i~ ; ;  ~ a : ~ i i i s t i c a t r i o n  of t!te end users  * 
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Fig'uX'e la: Seqr t en t i a l .  f i ' i e  (on narric \ 
Set. no. <s- id  , name, course ,  otl lcr d3La . . .> 
F i  3.b: Direct i i l c l  * )  
-----*--------------- 
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